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By James Selna 

v V- ---a •• SUMMARY ' 

■ .. As.: a, :pai?t' of a comprehensive investigation of a thermal 

ice— prevention system for a C— 46 cargo airplane, flight tests 
have been . conducted. to evaluate-: the effect of the system upon 
the aerodynamic performance . of the airplane . With the air- 
plane operating at a. cruise condit ion * the ins tallat ion of 
the thermal, ice— prevent i on system reduced the indicated air- 
speed by.. ; about 6 miles per hour, the equivalent of a loss of 
about 92 thrust horsepower. This loss in performance is 
attributed almost exclusively to the parasite drag of the 
hept— exchanger installations.. The loss due to' the- internal 
drag of .the thermal ice— prevent ion system and the loss due' 
to the bach pressure' on the engines resulting from the heat 
exchangers is shown to be negligible; 

.IlTTRODU.CPIOSr : - 


Previous researches relating to the prevention of ice 
formation upon the wings and empennage of aircraft have, 
in general, been directed toward the development of a prac- 
tical thermal ice— prevent ion system which would enable the 
aircraft- to operate safely and for prolonged periods in 
inclement weather-. In view of the urge nit need of such 
equipment, to permit the execution of tactical military 
operations regardless of weather, emphasis has been placed 
upon the development of a thermal system satisfactory from 
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the standpoint of ice prevention, and only superficial, if 
any, attention has been given to the possible detrimental 
effects of the system upon the aerodynamic performance of 
the aircraft . 

The purposes of the investigation reported herein, 
which is a part of a comprehensive investigation of a ther- 
mal ice— prevent ion system for a C— 46 cargo airplane (refer- 
ences l ; to ,4) , were (1) to determine the effect- of the 
thermal ice-prevention system upon the performance of the 
C— 46 airplane, (2) to establish , if .possible , the factors 
contributing to any change in performance , and (3) to 
evaluate the amounts of such contributions. The investi- 
gation wa s conducted on the C— 46 airplane as successful 
flights, in natural— icing conditions (reference 4) have 
established the suitability of the thermal ice-prevention 
system installed in that airplane as a practical means of 
ice prevention. . 

The investigation included flight tests, with the air- 
plane operating at a cruise condition, to determine experi- 
mentally the' change in airplane performance resulting from 
the installation of the thermal ice-prevention system. 
Consideration was also given, experimentally and analytically 
to the_ determination of the contribution of the following 
factors to the change in airplane performance: (1) the- 

increase in exhaus t— gas back pressure resulting from the 
heat exchangers, (2) the external drag of the heat-exchanger 
ipstallat ipns , (3) the internal drag of the thermal ice- 
pr e ve nt.i on sy.s.t e mi , and (4) the. weight of the thermal ice — 
prevention system; ’ 

‘This research was conducted at the Ames Aeronautical 
laboratory as a, part of: a,, compr etiisnS ive . invest igat ion of the 
thermal: 1 .ice— prevention system, of the C— 46 airplane which was 
: initiated: at the request, of 1 he' 'Air; Technical Service Command 
of the U.S. Army Air Forces. ... 

f :• .. ’ DESCRIPTION OP EQUIPMENT . ... 

A ir pla ne 


The C— 46 cargo airplane utilized in this investigation 
is a low— wing monopla.ne of the heavy military cargo type 
(fig., 1),. . The following specifications of the C— 46 airplane, 
pertiue-nd;. to this investigation, have been taken from ref- 
erence 5 : 
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Airplane 

Manufacturer ...... Curt iss-Wr ight 

Type ,v . . .. /. Ai ■. : C-46, military-cargo 

Army number 41-12223 

Humber of engines 2 

Lsll^th ' t.(t 'J*'. » '■ •; ; . t ^ ^ ^ f ^ ^ • 

Wing , 3 pan - ... .>•. ., . ;.*• •, •; • ,1 Q ^ 0 i n • 

Over—o.ll height (three— point position) ... 22 ft 2 in. 

Wing area (including flaps and ailerons) . . 1360 sq ft 

Empty weight ' . . appr ox . 31,500 lb 

Groes weight (max , for take-off) 48,000 lb 

Gross weight; (max. for landing) . • • . • .46,000 lb 


Engine : . > . • , r 

Manufacturer -... . . ... . Pratt .& Whitney. 

Type < * ; 1 8-cy binder , twi.n-r.ow, radial, air-cooled 

Model number R -2800— 51 


Engine— v>r opeller gear ratio ,2:1 

Engine-supercharger gear ratio (low blower). . . . 7.6:1 
Engine-supercharger gear ratio (high blower) . . . 9.3:1 

Cornier ess ion ratio 6.7 : 1 

Bore . . . . . . ' • . . * • . . . . . . . . *5. 75 in. 

o t r o 1. e *.*. , . . . . . * . .'. . ... i . *. . . . . to. 0 0 l ii . 

Displacement ;. *,•-.£;• . ; , . . ... •, .; 2804 cu in. 

Rating . ;.•.■■■• ; •• .•< • • • -.■■ • •; • •; • »• ; . -. .2000 blip ..at 2700 rpm 

for take-off (5 min only); 1600 bhp at ,2400 r.pm 


f or maximum continuous emergency operation* S.L. 
to 5700 ft .(Ratings based on 100— octane , ameiid— 
: ment 5, performance grade Mo . 125 fuel) 


Propeller 

Manufacturer;,.-; : >. .. , 
Drawing number . . . . 

Humber of blades . . . 

Diameter- .. .- . .. *- 


. • Hamilton. Standard 

. . . . . . 6491A-0 

3 

., ... • . 15 ft 


Thermal Ice— Prevention Equipment 

The thermal ..ice— prevent ion equipment ,. as originally in- 
stalled in- the C-46 airplane-rand. as revised . for tests in 
natural-icing conditions, is completely described in refer- 
ences 3 and 4 , respectively . : For the investigation. reported 
herein the. thermal ice— prevention system was in the revised 
condit ion d escribed in ref erence • 4 . The or ig.inal • heat- 
exchanger installation for the C-46 airplane is shown in fig- 
ure 2. Figure 3 shows- the special fairings which were .con- 
structed and installed .over the heat exchangers for a. phase 
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of this investigation. Figure 4 shows a heat— exchanger .-in 
stallat ion replaced with a standard production exhaust stack. 


Instruments ion t 

' Calibrated standard ’ instrument s were installed in ..the 
airplane to indicate engine manif old pressure , engine, speed, 
pressure - altitude , 'and ’ indicate d ‘a ir speed . ( A shielded 
‘ mer cury-in-glass thermometer , mounted outside the fuselage 
at station 286 i was used to indicate 't-ho amb ient-a ir ,.t e.mper- 
a t ur e . . . ; ; . ■■ :fi ■ : - .«.• ' : •. ; : ' ■ *• 

_ I3STS , 

• The effect of the thermal ice--prevention system on the 
performance ; of the airplane was measured in flight in terms 
of indicated airspeed while maintaining constant manifold 
pressure on the engines , and in terms of manifold, pressure 
while maintaining • a constant indicated airspeed. All tests 
wer e - co ncluct e d . at 10,000 feet, dens i ty alt itude , witnthe 
engines operating at 1900 rpm and low blower , and. at an air- 
plane gross weight of approximately 3 8 ,000 pounds . 

The tests were conducted under the follo\*ing four oper- 
ating rcondit ions : , ...... . . 

1. Heat exchangers in place , heated air discharged, over- 

board, engine manifold pressure maintained con- 
stoni t. at 3.0 inches of mercury 

2. Heat exchangers in place, heated air delivered to 

the surface-heating system engine manifold pres- 
sure maintained constant at 30 inches of mercury 

3. Heat exchangers removed, standard production exhaust 

stacks installed, engine manifold pressure main- 
tained constant at 30 inches of mercury 

4. Heat exchangers removed, standard production exhaust 

• stacks installed, indicated airspeed maintained 
constant -at values previously established by 
tests of condition 1 

These conditions provide the change- in performance 
caused by the thermal system in terms of airspeed (condi- 
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tione 1.', •• and' ; 3)-and- in • tpriss ; of manifold .pressure (con- 
ditions, ;3 and-: 4 ) The .e£fdct of' .the r. heatr-exchanger " 

fair ingW 3 ) up/on the perf ormance- of the ' a ir plane was..; 
estah-lisMcC ! by f 1 ig'ht. s with' the' fair inga,- in place and re- , 
moved , .with the airplane operating under conditions 1 and. 2... 

Data during each test were recorded manually at inter-; 
vals of- approximately 1 minute for a suff ip.ietit length, of' 
t ime af ter’ equil-i-hr ium condit ions had been established, .to 
: assurepattr;iifeent : of representative- results., _ 

>! ' ‘H23ULTS a ... 

The results of the flight tests are. presented in table 
I. .The values of ambient-air temperature., pressure alti- 
tude, and ^indicated, air speed listed in the table are the 
averages of the recorded.dat‘4\idr each test condition. The 
variation of individual readings of these variables from the 
average vhlc.es 'pfes^nted.. did not exceed *.1° I , ±50 feet, 
and io miles per hour , respectively . • The values of the 

amoient-air temperature have hot been, /corrected for the 
effect of kinetic 'heatipg. . 

-The .indicated air spedds '-Obtained during the tests at 
eb.ndi±ions‘i ; v ? 2',-'and;-.3 are presented in figure 5 as func- 
tions of ;)rn ; s5ur^ .a-lt/itude V / S'ihce the relat ionship of in- 
dicated airspeed to pressure altitude fpr conditions 1 and 
2 wa«T .jsub s’t ah f i'all y ..identical , only one curve has been drawn 
througlit'^e- ehp'er iraental pointh f or those, two conditions . 

• '/DIS CUS S-IOH . 

• ’Ovdr— A 11— Perf ormance Change Resulting from 

'-tha ' Installat idn’of the Thermal System ' 

The results (table I and fig.. 5 ) indicate that, the 
performance, change resulting from the installation of the 
thermal system amounted ; to approximately 6 miles per hour 
indicated airspeed or 1.4 inches of mercury manifold pres- 
sure at the test conditions. 

Sufficient performance data are available for the 
C-46 cargo a,irplane to'" interpret these performance changes 
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in : terras ' of -brake horsepower:. Figure 6 presents curves of 
indicated- cir speed and. manifold pressure as functions ;bf 
brak-a horsepower which have "been plotted f r ora the data.’ of 
reference 5". Although none of the curves of figure 6 are 
for the 10 ', 000 — foot density altitude test condition, the 
fact that- the curves are parallel allows the assumption to 
be made that 'the curve for the test conditions would also 
have the -same' si ope . Thus, calculations involving the 
change in brake horsepower for a given change in airspeed or 
manifold pressure can bej made , using the slopes of the Curves 


presented 

in f igure . 6 . . . 

• The following derivation -illustrates how the data Of 

figure ; 6 were employed to evaluate the performance differ- 
ence caused by t he 'exchanger ins tal'lat ions in terms of brake 
horsepower and, hy assuming a propulsive efficiency, in 
'terms of thrust horsepower: 

Tl 

-sr oouls ive efficiency (assumed to he constant for 
all test conditions ) ’ ’■ 

(thp) i 

thrust horsepower developed by the airplane in 
condition 1 [(bhpJjTi] 

(thp) 3 

thrust horsepower developed by the -airplane in - 
condition 3 [(bhp ) 3 T 1 ] 

( thp ) 4 

thrust horsepower, developed by the airplane in 
. ' condition 4 [(bhp) 4 r|3 ' 

(th ? } b.p. 

thrust-horsep.ower r educt i on - at tr ibuted to heat- 

exchanger exhaust— gas back pressure [ (bhp ) - 0 ^ ^ p] 

(thp). 

xnt 

thrust —horsepower reduction attributed to internal 
drag of the thermal system C(hhp) int n] 

(thp ) es; t 

thrust— hor sepower reduction attributed to external 
drag of the thermal system [(bhp ) ex th3 


Since the manifold pressure, engine speed, and density 
altitude are the same at conditions 1 and 3, the thrust 
horsepower developed by the airplane would be the same were 
it not for the effects of the heat-exchanger exhaust-gas 
back pressure when operating at condition 1. Thus, 

(thp)j_ = ( t hp ) 3 - (thp) t<p> 


or 
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; • (thp) i = •"• (bhp) 3 - 05hp) b >p> (1) 

It "is al s 6' evident that: the difference between the thrust 
horsepower’ developed by. ; . the airplane, in conditions 1 and 4 
is equi’H-lent- to : the. combined ef f ects ' of the internal drag 
(thp) int and . the- .external, drag . (ti.p) ex j. . Thus , 


(thp ) int + ( t hp ) g x t = (thp)j - (thp ) 4 

or 

- (bhp lint. + ^ bhp ^ext = (‘ Dh P)i ~ < bh P)v (2) 

Squat ions>.(l ) and . (3 ) may., be combined to yield the follow- 
ing relationship; 

(thp) btp> + (thp ) iat + (thp) ext = (thp) 3 - (thp) 4 
or , b 

(bhp) b>p> .+ (bhp) int + (^^P) ext = ( bh P) 3 “ ( bh P) 4 (3) 

Thus the sum of the power losses caused by the exchanger 
installations is equivalent to "the difference in power re- 
quired to operate at conditions 3 and 4. The brake- 
horsepower loss [ (bhp) 3 — (bhp) 4 } may be evaluated from 
figure 6 for either the manifold-pressure difference or the 
airspeed difference, between conditions 3 and 4. In the 
following calculations ; the’ brake -.horsepower is determined 
by both methods. 

1. H orsep ower loss co mp uted from airspe ed da ta.- From 
table I the average airspeeds for conditions 3 and 4 
may- be taken as 169 and 163 miles per hour, respec- 
tively. T‘he brake horsepower for these airspeeds 
(curve 1 fig. ' 6(a)-) corresponds to 810 and 750 brake 
hor seuowe'r . Theref ore , • 

- r : t ...... . 

(bhp) 3 - *0>’hp)' 4 = 810 — °750 • ; 

= 60 brakehorsepower per engine , or 
120 brake horsepower for the airplane 
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and, .assuming a propulsive efficiency of 0.8 

(tH P*b.p. + (tbp) int + (thp) ext = 0.8 X 120 ... 

. ’ s 96 thrust horsepower total 

2 . Her Ji£^ _£Offig!iied_£^m_I!lAIii£.old = praSR3ir>2.._4aia . 

From table I the manifold, pnes sures at ..conditions.. 3 and 

4 were 30 and 2 8. 6 ' inches.; pf mer cury., = r e spec t ive ly .. . 

Therefore, from figure 6(b), cukve; 3 (bhpj 3 : = SOO and. 

(blip ) 4 = 845. ' Therefore, 

( ’° t ^ ) b.p. + <° h ?)int + (bh P>ext • ' -I; 

= ’9 : 00'- 845 

= 55 brake horsepower per engine , or 

110 brake horsepower for the; airplane 

. % \ * 

and • ■' .... 

• (tll '?)b.p. + - (th i 5) int + (th -^ext = (11°) (0.8) 

= 88 thrust horsepower total 

The e::psr imental data for methods 1 and ; 2 were taken in- 
dependently of- each other , and the methods provide reasonable 
agreement. .Therefore,, the performance change in terms of 
thrust horsepower caused by the installation of the thermal 
system will be taken as 92 thrust h.cr s.epower-, which is an 
average of the values, obtained by the above two methods. 

Reduction of Power Attributed to Heat—3xchanger- 
13 xhaust—Qas Back Pressure '• 

An estimate of the reduction of power caused by the 
heat— exchanger exhaust— gas back pressure may be made on the 
basis of general data available. The effects of back pres- 
sure on a Fiat two— r ow , 18— cylinder.,- air-cooled, 10.00— 
horsepower engine,- type A80— RC— 41, wheii, operated at constant 
manifold pressure and carburetor-air temperature are given 
in reference 6 in terms of atmospheric pressure as follows: 
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(Bhp) a = (Bhp) s ^1 + ^ 

where 

"Bra lie hor sep'ower at 59° F 'CarBuretor-air temperature 

‘'oralie Horsepower at standard 'bea— level atmospheric 
:••• ^ conditions ' ■ 

a tno spher i c— pr e s sur e difference Between sea level 
and the atmospheric pressure at which (Bhp) a 
is desired, millimeters of mercury 

K constant dependent on manifold pressure 

If it is assumed that the Pratt and Whitney R-2800 en- 
gines employed in- the C-46 airplane are similar to the Fiat ., 
engine with regard to Back-pressure effect s ,. the effects, of 
the Back pressure cansed By the heat-exchanger installations 
on the C— 46 cargo' airplane may Be' - calculated. The exhaust- 
gas pressure drop through the left outboard heat exchanger 
has Been measured to Be approximately ,0.5 to 0.7 inch of 
mercury 'at the test ^conditions.' ’ If the ‘value of 0.7 and ^ne 
value of W (3500') taken from reference' 6 for 30 inches, of 
mercury manifold pressure is used, the effect of the heat 
exchangers' at : the r 8000— foot pressure-altitude test condi- 
tions is . a pout, 5 Brake horsepower per engine: or 8 thrust, 
horsepower for the airplane. : ••• 

Reference 7 provides, the following general relationship., 
for constant— Boost.- operat i.on.cf an.aircraft engine for small 

change.a ' in. atmospher ic pressure; and, temperature': 

-o .1 -o.e ’ . , • i 

(Bhp ) cc p T 

\irher e , . . . .. . , ... . : 

p atmosjjher ic pressure, absolute 
T atmospheric temperature, absolute, . . 

The exponential values of —0.1 .and —0.8; are > the mean va.lues 
given By .reference 7. Thus, for the . 8000r-foot pressure- 
altitude ' test '".conditions since.; Brake horsepower varies as.,- ,i .« 

p- 0 .*. 1 , ... the effect- of ; the -heat-exchanger : Back ^pressure is 
about :4; Brake horsepower per engine or -6 .4 ; thrust horsepower 
for t he a ir Plane v • 


(Bhp)^- 

(Bhp) s ■ 

\ ‘ 

AP 
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Either of the values of thrust-horsepower reduction 
attributed to exhaust-gas back pressure, as derived from the; 
relationships given in reference 6 or 7, is not more than 
0.6 percent* of the total power developed by the engines, and 
would cause a .decrease in indicated airspeed of. about one- 
half mile per hour (fig. 6). 

Reduction of Power Attributed to the Internal Drag 

of the Thermal System , 

As indicated in table I and figure 5, there was no meas- 
urable difference between the performance of the airplane 
when the heated air was discharged (condition 1) and. when the 
heated air was- .delivered into the .surf ace-heat ing. r .system , 
(condition 3) • : ~j . 

If • ft is -assumed in either case of operation ,. .that .the 
same amount:- .-o.f : air enters the heat exchangers .and all .the 
kinetic energy: -.of. the air is expended, a maximum value of.,. 
(thp) i n t na-y be calculated. Prom the data of reference 4, .' 

the heated-air "flow rate through ail the heat • exchangers 'at 
the SOGO-lfoot pressure— altitude conditions ma.y be approxi- 
mated as 14,000 pounds of air per hour. The indicated air- 
speed, given in figure 5,j ; : for this condition is 163 Smiles 
per hour and the total kinetic energy of the 14,000 pounds 
of air per hour would amount to about 8 x / 3 thrust horsepower. 
In any actual case, the horsepower loss caused by internal 
drag w oul d be le s s . * . ’ ■ ‘ 


Reduction of Power A t tr ibut ed . t o the External Drag 

of the Thermal System 

It has been established that the exhaust— gas back pres- 
sure and the internal-drag effects of the thermal system 
contribute only slightly to the total performance difference 
measured. These effects are estimated to total, less than 15 
thrust horsepower . The remainder, approximately 77 thrust 
horsepower , is attributed to the external, drag of the heat- 
exchanger installations;. It‘. is evident from f igure 2 that 
the external drag would be large, and it is evident from the 
test results (table I) that the fairings (fig/3) had no 
measurable belief icial effect. 
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Considerable external drag, however, is not necessarily 
inherent to heat-exchanger installations. If the heat 
exchangers were locate d. v w-i thin the nacelles and the air-inlet 
scoops, located, in the stagnation region .of the cowling, .the; 
•external drag could he reduced cons iderahly.- ' -The installa- 
tion on the C— 46 airplane' "was installed f or the purpose of • * 
investigating t-he-'surf ace— heating system and. the available ... 
time was not sufficient to permit complicated nacelle alter- 
ations to- he' made for submerging the' exchangers within the. 
nacelles. •' 

’Additional Airplane Grolss Weight Attributed 

-■ • to the Thermal System ' 

The performance tests were all conducted with the air- 
plane at approximately the same weight and, therefore, the 
test measurements did not include data on the effects of 
the additional weight contributed to the airplane by the 
thermal system. 

Based -on weight studies made of previous' thermal sys — 
terns similar to that installed in the. -C— 46 cargo airplane , 
the weight added to the bare 'airplane (ke. , without' any form 
of ice— prevent ion equipment) by the installation of the 
thermal system has been approximated to be 500 pounds. The 
1900— rum ’cruise charts of reference 5 indicate that at 8000. 
feet pressure alt i tude , and a' constant manif old pressure ofd 
80.8 inches'- of mercury , a change- in airplane gross weight 
from 35,000 to 40,000 pounds (an increase in weight equal • 
to 10 tines the estimated weight of the thermal system) pro- 
duces a corresponding change in indicated airspeed of 2 miles 
per hour. Tims, the installation weight evidently has a 
negligible effect on the performance of the airplane at the 
test conditions. • 

The additional f\iel weight which must be carried by 
the airplane at the test conditions to overcome the effects 
of the heat-exchanger installations may be calculated as 
f ollows : 

At the 8000-foot pressure— alt itude 163-mi le s— per— hour 
test conditions (conditions 1 and 4), the additional power 
required to overcome the effects of the heat— exchanger in- 
stallations is (bhp)i - (bhp ) 4 . The difference in power 
required at conditions 3 and 4 [(bhpb - (bhp)4] has 
been evaluated as about 115 brake horsepower , or about 57 
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ferake horsepower per engine. Also, "by equation ‘ (l) , 

(bhp )3 — (bhp)^ p = ("blip)!. Thus, neglecting the hack- 

pressure. effects,. the. horsepower difference .X(‘bhp) 1 — (hlro) 4 ] 
may he- .take, a as? ;57 .brake hor sepo.wer per engine. Figure 7 
presents .-airplane fuel, consumption as. a function of brake 
hor sepov^er -and has. been plotted from data given in reference 
5. From figure 7, for the power range employed in the tests, 
it is evident :fhai,;a brake-rhor s.e power difference of 57 brake 
horsepower causes. an. increased fuel - consumpt ion of about . 

7 gallons per. hour, .qr about ;45- pounds of fuel per hour. This 
value would b.e slightly less if the effects of (bhp)^ ' 

were considered. ' : 

' ’• : COHCLUS IOHS 


1. The. performance change resulting from the installa- 

tion of ' .the. . thermal, system , in the C— 46 cargo airplane amounted 
to approximately 6 miles per hour, indicated, airspeed or 92 
thrust horsepower at. the 10,000— foot dens ity— alt itude test 
conditions. • 

2. The. performance change resulting from the installa- 

tion of the thermal system in the, C— 46 airplane is almost 
ent irei'y. due to the paras ite . drag of the heat-exchanger in- 
stallations. . - 

Ames Aeronautical. Laboratory., 

national Advisory Committee for Aeronautics, 

. Moffett Field, Calif, . 



NACA ARE Ho. 5D06 


13 


REFERENCES 


1. Neel, Carr B., Jr.: An Investigation of a Thermal Ice- 

Prevention System for a C-46 Cargo Airplane. I - 
Analysis of the Thermal Design for Wings, Empennage, 
and Windshield. NACA ARE No. 5A03 , 1945. 

2. Jackson, Richard: An Investigation of a Thermal Ice— 

Prevention System for a C-46 Cargo Airplane. II - 
The Design, Construction, and Preliminary Tests of the 
Exhaust— Air Keat Exchanger. NACA ARR No. 5A03a, 194-5. 

3. Jones, Alun R., and Spies, Ray J. , Jr.: An Investigation 

of a, Thermal Ice— Prevent ion System for a C— 46 Cargo 
Airplane. Ill — Description of Thermal Ice— Prevent ion 
Equipment for Wings, Empennage, and Windshield. NACA 
ARE ilo. 5A03b , 1945. 

4. Seine., James, Neel, Carr B., Jr., and Zeiller , 3. Lewis: 

An Investigation of a Thermal Ice— Prevent ion System 
for a C— 46 Cargo Airplane. IV —Results of Plight 
Tests in Dry-Air and Natural- Icing Conditions. NACA 
ARR No. 5A 0 3 c , 1945. 

5. Anon.: C-46 Aircraft Manual. Northwest Airlines, Inc., 

' Oct. 15, 1943. 

6. Ragazzi, Paolo: The Power of Aircraft Engines at Alti- 

tude. NACA TM No. 895, May 1939. 

7. Smith, A. G . : Performance Reduction, the Supercharger 

Compression Ratio and the Engine Power and Boost Laws. 
Rep. Ho. H/Res/l51, Marine Aircraft Exp. Establish- 
ment (British Confidential — U.S. Restricted), May 
194-2. 



T »5HL X *" EFFECT 0F THERMAL ice-prevention system on the 

PERFORMANCE OF THL CURTI SS- WRIGHT C-46 CARGO AIRPLANE 


NACA ARR No. 5D0o 


xt 


























































































































NACA ARR No. 5D06 


Fig. 1 



Figure 1.- The Curtiss-Wright C-46 cargo airplane for which the NACA 
designed and installed thermal ice-prevention equipment. 
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Fig. 2 




Figure 2.- Two views of typical heat-exchanger installation, 
without fairing, on the Curtiss-Wright C-46 
cargo airplane. 
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Figs. 3,4 



Figure 3.- Typical heat-exchanger installation, with fairing, 
on the Curtiss-Wright C-46 cargo airplane. 



Figure 4.- View showing standard production exhaust stack on 
the Curtiss-Wright C-46 cargo airplane. 
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Figure 5.- Variation of indicated airspeed with pressure altitude for the 
Curtiss-Wright C-46 cargo airplane with -and without the heat- 
exchanger" installations in place. Flight conditions: 10,000 feet density- 
altitude; 30 inches of mercury manifold pressure and 1900 rpm. 
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Fig. 6 



(a) Brake horsepower as a function of 
indicated airspeed. 



Figure 6,- 1900 rpm performance curves for Curtiss- Wright 
C-46 cargo airplane. 
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Data corrected t6 yield 0 ft 
safety factor. 



Airplane fuel consumption, gal/hr 


Figure 7.- Variation of fuel consumption with brake horse- 
power for 1900 rpm operation of a Curtiss-Wright 
C-46 cargo airplane. 
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